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FOREWORD

This report presents the results of a top-down study in which the goals
- and objectives of future planetary missions are defined. Specifically, it
establishes the scientific and engineering objectives for exploration of the
outer planets. It further defines the observable phenomena and parameters
suitable for remote sensing. The information reported herein is part of an ’
overall program to (1) establish the scientific and engineering knowledge
and observation requirements for planetary exploration in the 1975 to 1985
time period, (2) define the state of the art and expected development of
instrument systems appropriate for remote sensing of planetary environ-
ments, (3) establish scaling laws relating performance and support require-
OBSERVATION REQUIREMENTS L ments of candidate remote sensor systems, (4) establish fundfxiental Eemote
FOR UNMANNED PLANETARY MISSIONS sensor system capabilities and limitations during encounter and other
dynamical conditions for specific missions, and (5) construct families of
j 1 candidate remote sensors compatible with selected missions.
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] This study was performed for NASA, Office of Advanced Research
? and Technology, Mission Analysis Division, by the Space Division (SD) of
North American Rockwell Corporation (NR) as part of Contract NAS2-5647.

} Contract NAS2-5647 ] To achieve these goals, a multi-part program was initiated. PartI
considered the support requirements for orbital imaging of the inner
/ planets (Mercury, Venus, Mars) and Jupiter, and was accomplished under
s Approved by Contract NAS2-4494 by Illinois Institute of Technology Research Institute
(LITRI) (Reference 1). Part II, which is being conducted by Space Division
/ of North American Rockwell Corporation, extends this effort to
include nonimaging sensor systems for the inner and outer planets, plus
imaging sensor systems for the outer planets.
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Togram Manager The Part II effort is conducted in three sequential phases, Phase 1
(covered in this report) establishes the scientific and engineering objectives
and observation requirements. Phase 2 will deal with definition of candidate
remote sensors and the development of scaling laws that relate sensor
measurement capabilities to support requirements, corresponding to the
goals and objectives. Phase 3 will establish families of remote sensors

- compatible with selected missions,
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GLOSSARY

The following terms used in this report are defined to-avoid misunder-

standing:

Engineering Knowledge Requirement. One related to the conduct of a
mission or the 1mprovement of technology.

Flyby. A parabolic or hyperbolic trajectory which enters the sphere
of influence of a planet, but does not enter the atmosphere or, reach .
the surface.

-. Goal.
tions, e.g., the acquisition of scientific-knowledge. B

. Imaging Sensor. One which bfbducés:twé <’or three-dimensional images

. of a planetary atmosphere or surface {or portion thereof), in response o
“ to electromagnetxc rad1at10n of any wavelength R A

' sensor envxromnent

Mercury, Venus Earth and Mars' :

" Inner Pldnets.-
= - "y

. Knowledge Requu'ernent
1ng natural processes ‘or technology

C %

Measurement The acqu).s:.t).on of quan‘atatxve data concerning an envi-
ronment. or- observable, e. g, ‘the angular diameter of the v151.b1e disk
of a planet.

Measurement Requiremeént. A quantitative description of the nature,
" quantity, and quahty of measurements to satlsfy an observahon )

u _requlrement oL
Mission.- The opera*mns and traJectory of a space fhght - PR

“_'Objc'etilre- A spec1f1c purpose of planetary explorahon the attainment -
.'of which involves satxsfactl.pn of various knowledge requirements, e.g.,
undérstanding the origin and -evolution of the solar system.

- .
L SP 760-24

A broad purpose of the space program or of planetary explora~- .

Observable. A property of a planet or planetary environment that can
be defined in terrns of physical measurements, e.g., the radius of a
planet.

Observation Requirement. A quantitative description of the nature.;
quantity, and qualify of information to be obtained regarding aa
observable.

Outer Planets. Jupiter, Saturn, Uranus, Neptune, and Pluto.

Remote Sensor. An instrument which senses electromagnetic radiation,
or electric, magnetic, or gravitational fields, originating at a point or
region not in contact with the instrument.

Scaling Law. A graphical or functional relationship of a sensor support
requirement to a measurement capability. A scaling law may involve
trajectory parameters and other support requirements or aspects of
measurement capability. It is based on characteristics of existing,
developmental, or. projected sensors. .

- Sc1ent1fic Knowledge Req\nrement One related to the knowledge of
nature, for the sake of the knowledge. .

CA general and fundamental quesh.on concern="

Senaor. An instrument, or part.thereof. that respond§ directly to an
environment or to incident radiation.

. Support Requirements. The characteristics of a sensor and operations

- . related to its use in an experiment which impose demands on a space-

’ craft; e. g., mass, input power, output data rate and format, pointing
stability, etc.

S 70-24
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1.0 INTRODUGTION
1.1 PROGRAM OBJECTIVES

Exploration of the planets of our solar system is a major objective of
our national space program. Through this exploration, scientists are
addressing.themselves to the two major scientific questions of our time;
What is the origin of the solar system, and what is the origin and nature of
life? Further, the engineering community is concerned with the development
of space and Earth-based systems with operational procedures to perform
useful research and services in space., This study is part of a continuing
effort being performed by NASA for planning and ultimate accomplishment of
these objectives.

A major task in the planning of future space missions and in the
conceptual design of spacecraft is the definition of experiment payloads.. The
mission analyst and vehicle designer need. to know the scientific and engi-
neering observation requirements appropriate to the mission, the charac-
terisitcs of candidate experiment sensors, their support subsystems and
operations necessary to accomplish the observations. . A program to develop
this information for unmanned planetary flyby and orbiter missions has been
intiated by the Mission Analysis Division (MAD) of the Office of Advanced
Research and Technology (OART), National Aeronautics and Space
Administration (NASA).

The overall goals of this program are to (1) establish the scientific and
engineering knowledge and observation requirements for planetary exploration
in the 1975 to 1985 time period, {(2) define the state of the art and expected
development of instrument systems appropriate. for remote sensing of
planetary -environments, (3) establish scaling laws relating performance and
support réquirements of candidate remote sensor systems, (4) establish
fundamental remote sensor system capabilities and limitations during
encounter and other dynamical conditions for specific missions, and
(5) construct families of candidate remote sensors compatible with selected
missions.

Specifically, this report directs itself to the first goal identified above
as Phase I of the overall program. The remaining program goals identified
above will br studied in Phases II and Il and reported separately.

Space Divialon
Nummw

1,2 PHASE I OBJECTIVES

One specific obJectwe of this atudy phase, reported herein, is to
define the scientific and engineering objectives for exploration of the outex
planets, Saturn, Uranus, and Neptune.

The next obJectxve is to 1dent:.€y observable phenomena and parameters
suitable to remote sensing by imaging and nonimaging techniques that will
provide useful information-toward satisfying the exploration goals and
objectives. In addition, nonimaging remote observation requirements will
be defined for the inner:planets and Jupiter. These objectives were achieved
by members of NR's scientific staff and consultants in applicable scientific
disciplinary areas. To simplify and standardize the data generated in this
study, computer techniques are employed which are designed to be compatibie
with the development of system requirements, support requirements

‘definition, documentation, processing, and mission analysis tasks to be

performed in Phases 2 and 3.

QT N oA
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2.0 SUMMARY

The goal of the effort reported here is to establish the observation .
requirements appropnate to-unmanned planetary exploration in the 1975 to
1985 time period. These observations must support scientific and engmeer-
ing knowledge reqmrements concerning planetary environments and prop-
erties. Counsideration is limited to observations that can, in principle, be
performed by remote sensors on flyby and orbiter spacecraft. In later
phases of this study, the sensors to perform the observations will be defined
and the sensor support requirements will be evaluated. Finally, families
of sensors compatible with various planetary missions will be defined.

Imaging observations of the inner planets and Juplter have been des crlbed

under Contract NASZ2- 2294.

A top-down approach began with definition.of the scientific and engi-
neering goals of planetary exploration, and proceeded through the increasingly
specific and quantitative stages of lmowledge requlre.ments, observation
objectives, observable propérties,. and observation and measurement require-
ments. At each stage, branches of the definition process were abandoned

' when they clearly were not appropriate to ‘remote sensing on unmanned

planetary flyby or orbiter spacecraft. The measurement capabxhhes of
sensors and the support capabilities of spacecraft systeme were not consid-
ered in this phase. The observation objectives and requirements were
definéd by consultant scientists and by appropriate specialists at the NR SPace
Division and NR Science Center. -

The quanhta.twe and verbal descriptions of observation requirements
are documented by a data storage and retrieval computer program which
gives visibility to the relationships among planetary exploration goals, know-
ledge requirements, and observation requirements. The estunated worth of
attaining various values of each sighificant observation parameter (e.g.,
wavelength spatial reeolutmn) is.also displayed.-

" The most important knowledge requirements relevant to the study
objectives concern planetary interior ‘structire, surfice cofnposition and
topography, and atmospheric compontxon ‘and meteorology. Visible
imugery of outer planet cloud formations, and microwave, mfrared and

. 'visible ‘spectrommetry and radiometry of’ redhtion absorbed or emitted by all

planetary l.tmolpheree, provide the most’ :ignlﬁcant support to the knowledge
reqliirements.

PRECEDING PAGE BLANK NOT HILMED; ’l‘ SpaceDivislon .

3.0 METHODOLOGY
3.1 DETERMINATION OF OBSERVATION REQUIREMENTS

3.1.1 Top-Down Approach

A balanced and comprehensive experimental program in any space
mission or group of missions is best achieved by a morphological or tap-
down approach in which the goals of the national space program provide a
framework for the definition of scientific and engineering objectives, i.e.,
questions of a broad and fundamental nature to which answers may be sought
through space exploration and operations. Figure 1 shows that the scientific
goals (related to the desire for knowledge) and the engineering operational
goals (related to the attainment of capabilities in space and the exploitation
of these capabilities) imply partially overlapping data requirements, A
given experiment, therefore, may contribute to the attainment of both
classes of goals.

The definition of fundamental scientific and engineering space explara-
tion objectives and the assignment of priorities to these objectives are

_essentially value judgments. By a scientific objective is meant a question

of broid scope, of basic interest to the scientific community for the sake of
the answer itself, which may in principle be sought through investigation of
space and celestial objects. Objectives and experiments related to
Mercury, Venus, Mars, Jupiter, Saturn, Uranus. and Neptune are of
interest here.

The determination.of scientific payload requirements begins with
recognition of the national goals of the space program and the corresponding
planetary exploration objectives. These goals are the advancement of
scientific knowledge, the building of a civilian technologicel base, the
advancement of capabilities for space flight, and the enhancement of national
prestige. To attain these objectives, investigations must be carried out
which, regardless of their motivation in terms of national goals, can usually
be categorized within one or more of the fundamental science disciplines,
For example, the quantitative requirements for atmospheric circulation
measurements may be different from the.scientific and spacecraft engineering
standpoints,- but the measurement discipline involved is that of. meteorology
in both cases.
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Experiments, which can be defined in each investigation area, consist
not only of the sensor instrumentation but also of suppoit equipment and the
mission operations required to conduct the experiment and return the data:

" to Earth, .Phases 2 and 3 of this study will be concerned with sensors, their
_support requirements, and their compatibility with various missions.  We- '
. will only determine what demands must be satisfied by support equipment,’ '

and will not define this equipment, Consideration of compatibility will be
limited to the ability of a sensor within the state of art corresponding to the ’
mission launch date (or, rather, the experiment selection date), to obtain -
‘desired data during a specified mission. Spacecraft integration problems
and payload constraints will not be considered except to point out potential’
cases of mutual interference among sensors identified as members of 2 .
compatible family. . : : )

' The levels of organizational relationship among space objectives, pro- -,
grams, and experiments are illustrated-in Figure 2. This figure traces
national space goals (e.g., increasing scientific knowledge) down to specific
experiments (e.g., a measurement of the infrared radiation flux emitted by .
the Saturn atmosphere) through intermediate levels of problem areas, )
scientific objectives, disciplinary areas, and investigations such as atmos- B
pheric temperature. Figure 2 also relates experiment sensors to vehicle
types and missions with which they may be compatible, 'and then to mission
categories and broad space program areas.

*.77. Table 1 summarizes the levels of development of observation require-
ments in the top-down approach, and identifies places in this report where
the elements at each level are defined. As each level is discussed, an
example of the connection between that level and the next is given, This set
of examples leads to a specimen of the detailed tabulation (Table 2) of
quantitative observation parameters. :

Table 1. Levels in Top-Down Approach

Level Name Location
1 Goal Section 4.1
2 Knowledge requirement Tables 3 and 4
3 Observation objective Tables 6 and 7
4 Observable Tables 8 and 9'
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3.1.2 Reference Source Material

The Nationel Academy of Sciences Space Science Board (NAS-55B) has
in the past five years published three major reports concerning the scientific
objectives of the space program. In the first report {Reference 2), the NAS-

. SSB listed three general scientific problem areas to which the national space-

program should be addressed:

1. The origin and evolution of the solar systern and the universe

2.- The. origin and evolution of life
3, The natiure of the dynamic processes that shape the terrestrial
environment. - o

This report defined and ranked in importance several objectives ‘of explora-
tion of the moon, the planets and their satellites, the asteroids, and inter-
planetary space, the fulfillment of which will shed light od these problem
areas. .Numerous detailed questions, corresponding to specialized investi- .
gations, were presented to indicate an orderly approach to attainment of the

The second report (Rerf.er'ence 3) was concerned with planetary investi-

=7 gations which might reasonably be carried out.in the 1968-1975 time period,. " ..
" and so was:limited mainly ta the unmanned exploration of Mercury, Venus,

-

and Mars

- -Of greateét importance to this study is Reference 4, which reaffirms.

- ...the general objectives mentioned, points out the importance of the outer

planets and interplanetary space at great distances from the Sun, discusses
several investigation areas, and recommends several planetary mission

_ types and experiments as well as Earth-based observations. The NAS-SSB

- here recognized the fortunate coincidence of adequate launch vehicles and

-, spacecraft technology, with rare opportunities to use gravity-assisted fiybys .
" to encounter several outer planets on single flights of much shorter duration

than direct missions to Saturn and beyond.

In addition to the NAS-SSB vreports; numerous planetary exploration
studies (Reférences 5, 6 and 7) have provided much information on knowledge
. and observation requirements applicable tothe present program.

SN 7n.24
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" 3,1.3 Participation by Consultants

The NAS-SSB- and other e:’cte:nél recommendations were translated .
into specific observation and measurement requirements with the assistance
of: : B

Prof-essor Gerard de Vaucouleurs, 'Department of Astronomy,
University of Texas :

Professor Reginaid E. Newell, Department of Meteorology,
.Massachusetts Institute of Technology

Professor de Vaucouleurs concerned himself mainly with the requirements
of imaging, radiometric, and spectrometric measurements of the outer

“"planets. Professor Newell concentrated on observation requirements bear-

ing on the circulation and energy balance of the outer planets' atmospheres.
The consultant efforts were coordinated by Dr. J. B, Weddell, with the
agsistance of the NR Science Center staff. The consultants’' reports are .

. reproduced verbatim in Appendix B. Their significant recommendations

are incorporated in Sections 4 and 5, and in the observation requirements
data presented in Appendix C.

3.2 AUTOMATED DOCUMENTATION _

It was apparent at the ‘outset of the study that a large quantity of

“observation requirements data would be generated. It would become -
" necessary (1) to display these data compactly, economically, and ina

uniform format; (2) to process the data in a way conducive to a minimum of
preparation effort and to automatic sequencing of cases; (3) to display the
limiting (i.e., most stringent) cbservation requirements common to a set

of cases from which a compatible family of sensors may later be constructed;
and (4) to correlate the data with sensor scaling law and mission trajectory
information in Phases 2 and 3. It was decided, therefore, to adopt an
Observations Requirements Data Sheet (ORDS) to record the requirements,
and to prepare a computer program, Space Experiments Requirements
Analysis (SERA) to convert the ORDS into self-~explanatory tabular
presentations,

3.2,1 Observation Requirements Data Sheet

The ORDS provides for entry of the following kinds of information:

1. The goal and knowledge requirement supported by a given obser-
vation objective; if several goals and/or knowledge requirements

are supported, other combinations can be listed on separate forms.

- 10 -
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2. The worth or value wy on a scale of 0 to 1, of the support of the
kth obs ervation objective to the indicated goal-knowledge require-
ment combination.

3. Theobservable property associated with the objective, the related
observation type (i.e., general type of sensor), and the worth w:
of determining the jtl cbservable property at the £th planet. g
Other observable properties, observation types, planets, and
corresponding values of wig, may be entered on separate forms.

4. Each observation parameter aj (e.g., longest wavelength) relevant
" to the observation requirement is defined as follows:

a. Worth v;'i (a.i) of attaining value a; = aj.

_b. "Best' or most stringent desired measurement capability aj.
if a; is better than a)j, w (aj) = w (a}). ’

c. ""Worst' or least stringent acceptable capability al ; if a; is
poorer than aj , w (a;) = 0. :

d. Functional form of wj (a;) for values of aj between a} and aj .
The allowed functional forms are described in Section 5.3.1

and in Appendix D.

5. Explapatory remarks (not processed by computer program).

-Figure 3 is an example of a completed ORDS. Detailed instructions for

preparing the ORDS are included in Appendix D. The example is discussed
in Section 5. 3.2. C

3.2.2 Summary of Computer Program

The SERA computer program is envisioned as a set of routines to pro-
cess the information contained in the ORDS, display it in an understandable
format, sirhilarly process and display information related to sensor capa-~
bilities and support requirements and mission trajectories, and correlate
these data to calculate and display portions of the study results in Phases 2
and 3. In Phase 1, only the first module (SERA-1) of SERA, dealing with
the ORDS information alone, has been developed. The SERA-1 program
reads punched cards containing the ORDS data and libraries of names of
goals, knowledge requirements, and the like, as well a5 certain program
control and option selection parameters. The output for the case repre-
sented by the ORDS in Figure 3 is illustrated in Table 2. This example is
developed in stages at each level of the top-down approach. The output is
in two parts, the ORDS information itself and the most stringent value of
each observation parameter associated with a specified subset of ORDS.

- ]] -
SP 7n-°4
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The observation objective and observable property descriptions
entered in the ORDS, as in Figure 3, need not be the same as the SERA-1
library titles corresponding to the cbservation objective and observable
property numbers. The use of other descriptions allows more precise
definition of the purpose and nature of an observation than the library titles
permit.

The program also _calcﬁlates the products {wg Ww; ) 3nd (w1 wj'l ).
Appendix D, ‘2 user's manual for SERA-1, coitains a fis;ing;l load module

map, data preparation and execution instructions, and specimen data and
results, Source and object decks are transmitted separately.

-12 -
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4.0 SCIENTIFIC AND ENGINEERING OBJECTIVES .

4 1 GOALS

The general goal of planetary exploration—to acq\nre information con-
cerning the planets, other objects in the solar system, and the interplanetary
medium-—may be divided into the scientific and the engineering aspects. The
scientific goals stem from-man's desire for knowledge for its own sake; the
engineering goals, from his need to understand natural environments in
order to improve the design of spacecraft and operations in space. Develop-
ing and exploiting commercial and military technology and enhancing national
prestige may be considered as additional engineering goals.  Although the
commercial and military goals are not closely related to planetary explora-
tion, any dramatic mission accomplishment or scientific discovery will
improve the prestige of the United States both at home and abroad.

;4 1 1 Sc1ent1f1c Goals - R

. “The three generally recognized sc1ent1f1c goals of pla.netary explorat1on
(References 2 and 4) are the followmg~ .

To understand the origin and ‘evolution of the universe and the:-
solar system, . The concern here is with evidence of the ongmal
constitution, formation, and evolutmn of the planets. Although
the inner planets have probably lost most of the light elements
they once contained, the low atmospheric temperatures and high
.escape velocities of the outer planets probably have allowed .
preservation of the original elemental abundance ratio. Plaxiets‘
on which weathering is not rapid (e.g., Mercury and Mars)will have
surfaces of great age that may disclose levels of meteoroid bom-
* bardment, solar radiation, and the like, as early as four billion
years ago. Comparative studies of the internal structure and
mass distribution of various planetary types (Earth, Mars, and
Jupiter, for example) will provide insight into such evolutmnary
‘=- : " processes.as core formation.

To understand the origin ahd evolution of life. The discovery of
indigenous extraterrestrial life would be of the most profound
scientific and -philosophical importance. If living organisms exist
on the planets, their detection will almost certainly require
experiments conducted after actual landings. However, the ic;leh-
‘tification of complex organic molecules in planetary atmospheres
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would greatly aid our understanding of the processes leading to the
appearance of life on Earth. Our search for such chemicals need
not be limited to exploration of Mars and Venus, but may include
as well the hydrocarbon-rich atmospheres of the outer planets,

1

3.. To understand the dynamic processes affecting terfestrial

environments. This goal concerns internal processes such as -
environments.

tectonic activity, as well as externally driven phenomena such as
atmospheric circulation, magnetic disturbances, and the like. ' By
observing these processes at other planets, under a wide range of
conditions, the scientist hopes to gain a deeper understanding of .
their operation at Earth. Some of the related observations (the
solar wind, for example) are beyond the scope of this study.

4.1.2 Engineering Goals

In addition to having scientific goals, planetary exploration missions
have technology goals related to the performance of spacecraft systems,
opera.tioné.l mission control, and increased capability for designing improved
space vehicles and experiment systems for future missions.

There are two generally recognized engineering goals of planetary
exploration (References 2 and 4), the defm1t1.ons of which are expa.nded here
to afford greater clarity, as follows.

1. To define the interplanetary and atmosphere environments that
affect spacecraft design and mission operations. An understanding
of alien environments during an extended mission will assist in
selecting operational options such as orbital parameters and

" atmospheric entry probe release time.

2. To define surface environments that affect spacecraft design
and mission operations. In order to determine the feasibility of
entry probes and surface landers, the scientist must have knowl-
edge of the composition, temperature, and physical properties of
the planets.

Systemn performance is also related to long-term reliability, opera-
tional testing and monitoring of spacecraft systems, measurement of the
environmental effects upon materials and components, and development of
automatic and/or redundant control and repair capability.

To attain these technology goals, one must examine the actual and
_potential problems encountered in our past manned and unmanned space pro-
grams and must extrapolate from these experiences to those that may be

Ed
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encountered in future deep space missions, Spacecraft system and experi~
ment performance will be affected by the natural environments encountered
or required to be measured. In many cases, a remote sensor system may
have application to both scientific and engineering goals, but with varying
resolution requirements. For example, both disciplines are interested in
the atmospheric scale height at a given planet. However, the scientific

_goals may be satisfied by a height definition of approximately.l kilometer,

whereas the gng1qeermg goa.ls may be dependeat on 2 resolution of 50 meters,
4.2 KNOWLEDGE REQUIREMENTS

"The knowledge requ1rements are specific but qualitative questions of °
a broad nature about planetary and space environments and processes, If
all the knowledge requirements are satisfied, the scientific and engineering
goals of the planetary exploration program will be attained. Many knowl -
edge requirements are associated with engineering and scientific goals. A
set of knowledge requirements is presented in Table 3; some of these are
relevant to the total planetary exploration area but are outside the scope of
this study because they relate to nonplanetary objects or to phenomena
which by their very nature cannot be remotely sensed. Table 4 indicates
the goals of each knowledge requirement.

Table 3. Knowledge Requirements

Number ’ Item

1 . What types, amounts, and distributions of indigenous
extraterrestrial living organisms, or life-associated
chemicals, exist? What evidence of previous life

exists?

2 What were the environmental conditions and processes
in the evolution of past and present life forms?

3 What are the properties and locations of any environ-
ments which may favor the future development of
indigenous life or the survival and propagation of
terrestrial life?

4 I What are the physical and chemical properties of
planetary atmospheres versus altitude, on global and
local bases? What is the role of trace substances in
determining atmospheric properties and vehicle
performance?

219 -
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Table 3. Knowledge Requirements (Cont)

Number

Item

10

11

12

*13

. What are the structure, composition, mass distribu-

What are the circulation regime, energy balance, global
and local meteorology, and precipitation processes of
planetary atmospheres? How do these factors affect
vehicle performance and data transmission?

How has the present atmosphere evolved, and how is
it likely to evolve in the future? What were the nature
and evolution of the primordial atmosphere?

What are the physical state, chemical composition and
distribution of any solid or liquid surfaces beneath the
atmosphere? How did liquid bodies, if any, evolve?
What chemicals are present that may affect lander
performance?

What are the nature, origin, ‘and evolution of the sur-
face topography? What is the history of environments
affecting the surface?

What is the shape of the nongaseous body of the planet?
What are the parameters, cause, and evolution of its
present state of rotation? How do the planet's shape
and motion a.ffect vehicle guidance?

tion, and radial and horizontal differentiation of the
interior? .

What are the previous and present sources of mternal
heat, 'if any, and how is energy tra.nsferred to the
atmosphere"

What motions and flow patterns exist in the interior?
How are they related to the problems of energy balance
and mtrmnc magnetism?

What are the sources and energizing mechanisms of
trapped charged particles, external magnetxc fields,
and associated electromngnetlc radiation? What
processes occur at the interface of the planetary envi-
ronment and the interpla.netary medium?

- 20 -
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Table 3. Knowledge Requirements (Cont)

Number

Item

:::14

17

*18

19

20

21

How do particle and field environments in the inter-
planetary medium depend on distance from the sun and
on solar activity? What are the properties of the
interstellar medium and how does it interact with the
interplanetary medium?

< What are the past and present environments and com-
position of meteoroids and dust in the interplanetary
medium and near the planets? How are meteoroids,
asteroids, and comets related? What are their origins?

What are the topography, composition, internal struc-
ture, and surface environments of planetary satellites?
How are the orbits of the natural satellites related to
their origins?

What are the composition, particle size distribution,
structure, and origin of Saturn’'s rings? How do the
rings affect vehicle performance and communications?

How do satellites and dust belts interact with planetary
magnetic fields and trapped radiation? In particular,
how.does Io affect the decametric radiation from
Jupiter? Are the rings of Saturn responsible for the
apparent weakness of its trapped particle environment?

What are the structure, composition, physical proper-
ties, and origin of comets? How is their electromag-
netic radiation stimulated? How do they interact with
the interplanetary medium?

Is the general theory of relativity verified by kinematic
and electromagnetic experiments involving solar or
planetary gravitational f1e1ds"

What are the optimum usable v1s1b1e and RE frequencxes
with respect to time variations, e.g., diurnal, month,
year and solar activity? What are the absorption
bands in the planetary a.tmosphere versus freqiency?

What are the planetary‘surface {eatures, bearing
strength, local thermal or cryogenic environment, and

tectonic activity?

21 -
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== " Table 3.}

_Kne@ledge Requirements (Cont) ~

,':‘Numbel;b

Itemn

exploratxon7

U transm:.ssxon"

" 23~ . |- " What natural or induced surface radioactivity exists.
’ . and how does it affect vehzcle performance or surface-

24 - What effects to system operatmns are caused by inter-
; planetary and planetary magnetic and electrostatic.

fields: -and their Trespective transition zones?
- effect would planeta.ry au‘glow have on data -

e What are t:he requzrements for stenhzatz.on of the
_vehiéle, . operatlonal systems. and respective payloads,
as defmed by the planetary envu‘onments"

t1v1ty, _and ophcal emissivity of the planetary surface"
‘What surface and atmospheric electrical charges and "
currents ex:.st" ‘What are the surface/at:mosphere

What

s

As an example of the aasoc:anon of goals and knowledge requlrements,

consider the goal of-understa.nd.mg the origin and evolution of the universe

and the solar system.

- This problem involves the original composition of the

-. material from which the solar system was formed. This material is most -

likely to be preserved in the atmospheres of the outer planets.
evaluate the importance of exospheric escape and accretion processes in

In order to

. altering the atmospheric composition, the density and temperature must be

determmed as funct:.ons of altitude.

4.2.1° Scientific Knowledge Reqﬁirements

: Bioloéy (Requirements 1 Through 3)

The identification of life on other planets will almost certainly require
in situ senasors, inasmuch as such life is probably too primitive and sparse
to make likely its unambiguous recognition from flyby or orbiter vehicles.
But life-associated chemicals, such as amino acids and chlorophyll, may be
identified spactroscopically; if they are discovered, kﬁowledge of their chem-

22 -

ical and physical environment is needed since the environment is one favorable
_“to processan believed to be agsociated with the development of life.

If, for
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Knowledge Requirement

sa1322doad 1ed1a3d1I

X
X

uorjeuluRjuod ledidojorg
suoijeaado uraisds Lo 8IDIJ39 PIALI
. Aj1a13de01pe aae;;xns

Adojoad aoejang

sasem jo uonedodoxg

X X O X
X X O X O

A1a1ye12a ea3uad jo uolgedIID L

' $JUILIUOITAUS JPUIOY
Suo1IOBISIUT -I3ayds0jpudewr- I3RS
s3uix s,uanjeg

339 uiB1a6 ‘saynaadoad ajrieIEs

16 't7 18 19 20 |21 22 23 24 25 (26

SJUSWIUCIIAUS PIOIIISE ‘PIOIOIIIW
spIay "satduded Azejsueidiajug
$32®JI93UT ‘sadanos axsydsojaulden
SuonjoW [EUIIIUT

T ojesy x01IIjul

11 12 13 14 15

X

X' X X 0

2In390I3S IO1IIUT

uotjejol pue 5Ind1g

Aydea3odoy @oejang

Az3s1ureys edeyIng

- ’ . uornioas drisydsouny

67 8.9 10

OXX O
;

- : A8o1010339 N
- Kajstway> orisydsounyy

- 2J1] 10} SIUBWUOITATT
: uoNMIeAsd ]

9711 JO DUNSTXT

2345

1

XXXXX|XXXX X

XX XX

XXX XO0

X X

Goal

Title {Short)

Origin of solar aystem (s}

Origin of life (S)
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(E) - Engineering goal.
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mission {E)
‘Environments affecting future

No.

1

Legend:

X - Relevant combination in context of study

O - Relevant combinatlon in some renspects, but not in this study
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. example. ‘such subs nces were found in the atmosphere of J\lpltel‘ credence
* would be gained by | the hypothesu that theae and more complex substances
arose on Earth in a pnrmtwe reducing atmosphere g

Atmosphenc Scxences (Requxrements 4 Through 6)

The abundances of hydrogen and helium and the1r ratio are of para.mount

" importance because of their cosmogonic and, possibly, cosmologic, implica-

tions. Next in importance are:the abundances of carbon and heavier

elements—mcludmg, at least potassium and argon; next in line are the iso-

topic ratios, especxally 13C/12C lelH 3He/4He, 36A/40A. All'these are
potential clues to the origin a.nd EVOhItIOu. of the Galaxy and the solar system. -
Quantitative determmatlon of trace substances is of particular interest in
connection w1th color and albedo changes, such as in the belts and zones of
Jup1ter - }

Knowledge of depth
ut1ons is-largely hypothef
mentary for. Verﬁls.r .Only for-Mars are these quant1t1es reasonably well
known, the atmosphere of Mercu
denszty.;- A j

*“Various dzf-
. The appropnate questmns
d* smks fon each 1ayer in the

: converted mto kmetxc.energy . (4) How is the kmetxc energy,redxstnbuted
5 -the" L’%mosphere"' ;

__functmn of 1at1tude, longxtude, he1ght

N Knowledge is needed of the dutnbut).on ‘of solar ra.d1a.t:.on—w1th wave=~
length as a_function of ‘depth or,- alternatively, the distribution of ultrawolet
* absorber®, the: :distribution of infrared absorbers—as a function of depth
together with tempereture and pressure;”and the distribution of substances
which may-contribute to the heat balance through latent heat effects. In-
ldditmn. ‘the boundary layer heating should be determined; indications are

“that it may playa greater relative role for the outer. planete, with their pos- -

eible internal heat |ourcee, than for:Earth.
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The value of studics of atmospheric evolution will depend largely on
chemical and geological investi"ations at the surface, but usetul information
will be obtained from determination of exospheric escape rates and frmn
comparison of the present states of various atmospheres.

Geophysics (Requirements 7 Through 12)

The study of the solid and liquid planetary surfaces may furnish the
answers to many questions concerning the origins and cvolution of our solar
system. Very few measurements can be made remotely—in part because of
the complex nature of condensed materials. However, present knowledge is
often so meager in certain areas that even the most elementary data represent
great improvements and can impose major constraints upon theories con-
cerning the origin and evolution of the solar system. In addition, a study of
other planets and their origins and evolution may provide even a deeper
understanding of terrestrial processes. For example. an understanding of

planetary volea.nism may aid in our knowledge of terrestrial volcanism.

Perhaps the ‘s'-ir'npllest and most fundamental observables are related to
the size, shape, mass, and mass distribution of the planets. The sizes
{(volumes) and massés of the inner planets are known well enough to enable
scientists to calculate densities. of a precision high enough to deduce whether

these planets have metallic cores ~ From present data (Table 5), it appears

that Mercury, Venus, and Earth possess relahvely larae dense cores,
whereas the at rnost, small res' : B

“Table 5.

cle, one ‘needs to know the temperature,

_'“Mas'ses, ’Ra_dii-,.ifahrl 'Densities of thé Inner Planets
Planet - Mass (kg) . |{° Radius (km) Dens‘ity (gm/cm?)
Mereury | 3.26x 1023 | 2438 | 5,43
Venus . |" 4.87x102% 7|7 .7 6056 ' 5..25
Earth- . | 6s04x 1024 6378 : 5.52
‘Mars 6.43 x 1023 3410 ’ 3,89

Investigation, of surface topography calls for imaging sensors and

appears to be feasible: only at the.inner planets.

The-internal heat balance problem is of greatest importance at Jupiter;

" the net outward heat flow must be determined moré accurately to show
whether it can be accounted for by gravitational heating during formation of
‘the planet.. Information on the internal heat balance and energy regime may
“be obtained from atmospheric circulation.and magnetic field data. The atmos-
pheric circulation approach has been mentioned earlier. The ut:.hty of

- magnetic observations is discussed in Section 5. 1.
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Particles and Fields (Requirements 13 and 14)

These knowledge requirements are outside the scope of the study inas-
much as they involve in situ observations, but they are included in Tables 3
and 4 for completeness. .

Miscellaneous Obj»ectis (Requirements 16 Through 19)

These requirements deal with nonplanetary bodies and are outside the
scope of the study. An exception is determination of the particle size
distribution and composition of Saturn's rings. This information may reveal
whether the rings are disrupted satellites or are remnants of the diffuse
material from which Saturn was condensed. In the first case, the rings may
be relatively transient phenomena, and the absence of rings at other planeta
would be at least partly explained.

General Ph&sics (Requirement 20)

Verification of the general theory of relativity is not properly a plane-
tary investigation but merely takes advantage of the planets, and so is outside
the scope of the study. Experiments for this purpose are suggested in
Reference 4. ’

4.2.2 Technology Knowledge Requirements

Fundamental knowledge of specific technologies is a prerequisite for
systematic development of spacecraft and experiment systems for future
planetary and deep space missions; The listed knowledge requirements indi-
cate dedication to a maximum use of this 1nformat1on for exploiting and
satisfying the engineering goals.

Telecommunications (Requirements 5, 17, 21, _é.nd 24)

The optimization of the communication subsystem must consider the
transmission frequency, type of modulation, antenna design, RF power con-
version, electric and magnetic fields, as well as the data format scheme and
means for data storage and retrieval, Frequencies in the centimeter band
are of course prime candidates; however, the potential of attaining greater
communication capability with reduced power in the millimeter range should
be evaluated thoroughly, All the experiments and the operation of the vehicle
and associated systems are dependent on the information relayed to ground
stations, The optimum design for a reliable communication/data subsystem
must condider the degree of attenuation, reflections, occultation, phase shifts,
planetary and interplanetary magnetic and electric noise contributors, etc.,
that can be tolerated and still allow useful dats to be recovered.

26 -
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For a given data transmission system, the rate of data transmitted (in
bits per second) is proportional to the received signal plu‘s noise-to-noisce
ratio. Limits and vehicle configuration (size and weight) impose limits on
bit rate and received signal power since transmitted power is limited. New
methods and technigues will have to be developed for increasing the data
information without imposing severe penalties on weight, volume, and power
requirements. The quantity of information to be returned from planetary
missions over a period of years imposes another constraint on the design of
an adequate communication/data systém.

Atmospheric Environment (Réquireﬁents 4, 5, 17, and 26)

The design of the initial experiment systems and the attainment of the
primary engineering goals will depend on the data about the various planetary
atmospheres. Determination of the chemical and isotopic composition,
pressure and temperature distributions, heat balance, and circulation (local
and global) will be necessary. It is desirable, also, to search for complex
organic chemicals and trace elements. Such critical design parameters as
entry probes, surface landers, protective devices, communication capability,
and spacecraft and experiment hardware will be affected.

The design of an entry heat shield system will depend on knowledge of
the scale height, density, and composition of the atmosphere. For example,
atmospheres containing a high percentage of COz will intensify the radiative

_ heating of the heat shield; similarly, heating rates are proportional to velocity

in a dense medium. When this information is translated into engineering
data, considerable weight saving may be achieved. Another area of concern
is communications blackout, which may depend on atmospheric composition,”
electron'density, and.collision frequency rates. For each phase of the mis-
sion, it will be necessary to determine when blackout may occur in

terms of density, the frequency utilized, and other variables, and when it will
be reestabhshed

At a planet with little or no atmosphere (Mercury), for example, the
retardation systems for landed vehicles utilize retrorockets; however for
landed missions on other planets containing atmospheres, consideration will
be given to parachute systems. The effects of atmospheric properties—
density (primarily), altitude profiles, and wind shear data—are required
before a retardation system concept can be developed.

Surface Environment (Requirements 7, 22, 23, 25, and 26)
In the conceptual design of a landed vehicle and in establishing its feas-
ibility, knowledge of the expected surface environment is the paramount con-

sidcration. Such parameters as pressure, temperature, local conditions
(thermal or cryogenic), thermal conductivity, magnetic and/or electric fields,
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load-bearing strength, tectonic activity, etc., will have an effect on the
design of the operational and experiment systems. Suriace environment
investigation ia necessarily allocated a lower priority in the early missions
when the atmosphere surrounding the planet is' dense. Subsequently, addi-
tional data will identify various spectral windows, in which surface data can
be acquired by remote sensors. For example, design of adequa.te thermal
control and protective systems and their associated weight, volume, and
power requirements will be dependent on identification of temperature (as a
function of time, season, locale), albedo, topography, and the like. Another
major system dengn is the conﬁgurahon of the lander pads, a factor directly
dependent on the lotd-besnng strength of the goil, any tectonic activity, and
the topography Most of the initial remote sensor data on surface environ-
ment will be obtamed at Mars, Mercury, and—to a lesser extent—at Venus.

- 28 -
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5.0 OBSERVATION AND MEASUREMENT REQUIREMENTS

5.1 OBSERVATION OBJECTIVES

The knowledge requirements presented in Section 4. 2 are stated in
terms of basic phenomena and processes, some directly observable and some
inferred from observatmns As the next step toward quantitative definition
of measurement requirements, a set of observation objectives must be formu-
lated which contains descriptions of immediate observation purposes. The
following example illustrates the distinction between knowledge and observa-
tion requiréments: understanding the origin and evolution of planetary
atmospheres is a knowledge requirement while determination of the molecular
composition of the atmosphere is an observation requirement. One of the
observable properties of the atmosphere is its infrared absorption spectrum.
The required spectral observations can be defined by specifying the measure-
ments to be performed, such as the range of wavelengths and the solar
$llumination angle.

Table 6 lists the planetary observation objectives established for this
study. A few of these (nu:mbérs 20, 23, and 26) are outside the scope of this
study, while others (e.g., number 8) will fail to lead to remote measurement
requirements, Table 7 indicates by marks (X) the combinations of goal,
knowledge req.uirernent, and observation objective relevant to this study.
Table 12 presents the values of wgm, the worth of the kt} observa-
tion objective with respect to attainment of the mth combination of
goal and knowledge requirement, The scale of the wkm is 0 to 1. The values
were obtained from consultants' reports (Appendix B) and from assessments
by specialists in the various cbservation disciplines. If no mark appears in
Table 7, the combination is judged irrelevant or to have wim <0.10.

To continue the example of the top~-down approach begun in Section 4,
the requirement for knowledge of atmospheric physical and chemical
properties, as related to the goal of understanding planetary evolution, leads
to.the objective of observing the pressure, density and temperaturs of the
atmosphere as functions of altitude, latitude, and sun angle.

5.1.1 Scientific Observation Objectives

Biology (Objective 8)

With the exception of imaging experiments at Mars, remote observations
bearing on extraterrestrial biology are limited to those of atmospheric
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: "i"ote;tio‘n,r_ precession, . perturbations of

distributmns
B Topography, evidenc -of volca.msm :|.rnpacts, erosion of sur-
Sl face features. tectomc activ-ity

L li T Phys:.ca.l properties of eu.rface materials
12 ’ Atomic, molecular. 1onic, 1sotop1c composa.tmn of atmosphere
13 Atmospheric temperatur:,’ pressure density distnbutions '
": 14 Circuhtion pe.tterns and energy transfer rate and direction in

atmosphere; wind velocity and direction, dust storm intensity,
) meteor debris, aercsols, and the like

15 Phase transitions in atmosphere, cloud structure. precipitation.
forms, composition, and-emounts »
16 Electric and magnetic fields (interior, surface, atmosphere.
_ space)
|
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Table 6. Observation Objectives (Cuont)

Number Description

17 - - Ionizing radiation environments (surface, atmosphere, space)

Nonthermal electromagnetic emission characteristics and
source location

19 Gravity field distribution (surface, atmosphere, space)

20 General relativistic optical and mechanical effects
) 21 Electromagnetic (radio, optical) reflectivity, absorptivity
22 Occultation (radio, optical) of natural and artificial sourc es
by planet
DL 23 Meteoroid, asteroid, cosmic dust environments
24 Saturn ring gross structure, composition, particle size
T distribution
L257° Vehicle performance (trajectory, atttitude, aerodynamics,

subsystems status, and function)

26 Navigation and guidance
27 Data transmission and signal propagation
28 Radiation-scattering properties of cloud tops and atmosphere -

above clouds

chemical properties. The biological observation objectives, therefore, are
discussed implicitly in connection with atmospheric sciences.

Interiors and Surfaces (Objectives 1to 7, and 9to 11)

Current belief is that the dccay of radioactive nuclides heats the interior
of planets. - At high temiperatures, reducing materials (presumably carbona-
“ceous) in the primordial planetary material reduce oxidized iron to molten
metal which sinks to form a core. While it is often assumed that planets all
"have a composition close to that of carbonaceous chondrites, it appears
" that Mereury, Venus, and Earth have large cores and too much iron for this
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hypofhesis to be valid. An even more important problem arises in compar-
ing Mercury and Mars. The extent of radioactive heating depends on the
‘size of a planeti the larger the planet, the greater the heating for a .
given composition. If current beliefs are correct, Mercury, which is smaller
than Mars, does not have a core and has a density somewhere between those

of Mars and the Moon. ’

The study of the optical and dynamical oblateness of planets, if measur-
able, is necessary to déduce the fluidity of the planetary interior and the.
degree of hydrostatic equilibration. .Even Mercury, which presently has a
slow axial rotation (59-day period), and possibly a metallic core which indi-
cates fluidity, may present surprises. Its rotation period may have been
much shorter in the past and hydrostatic adjustment is not necessarily com-
plete.” By analogy, isostatic readjustment on Earth is not complete in areas

_of mountain building. Further, nonradial distribution of mass, as in the lunar
mascons, can be investigated by precise tracking of satellites of planets.
Important questions to be answered are: Is the density of Mercury as high
as our best present values? 'If so, Mercury has a core. Why does Mercury,
which is smaller than Mars, have such a core? Is the presence of 2 core a
necessary and sufficient condition for fluidity? ’

Remote measurements of the magnetic fields of planets are possible.
These fields, very small for the Moon, Venus, and Mars,. are unknown for
Mercury and should be measured... Measurements of thermal radiation by
‘infrared (IR) or-microwave radiometry to deduce the net thermal budget of
planets is impox;tant for understanding the contribution of internal heat
sources. The measurement of thermal radiation in a traverse across the
terminator will also provide an ap'proximate value of thermal conductivity
or surface materials. If a long-lived satellite is employed, temporal varia-
tions in thermal emission will give an idea of thermal conductivity of plane-
tary surface layers and of possible local internal heat sources. These meas-
urements are especially significant for Mercury, where present theory
requires volcanic activity as extensive as on Earth, with many localized heat
sources.

The most significant measurements are of the composition of planetary
surfaces. Imagery of planetary surfaces, except possibly at long wavelengths,
is limited to the inner planets, but the following discussion is presented for
the sake of a coherent treatment of surface observations. Imagery gives an
idea of the fluid properties of magmas (if they exist), which is a measure of
‘the acidity of the magma. For example, -forms and shapes observed in the
lunar maria are consistent with the flow of basaltic materials, which has been
confirmed. These deductions are indirect and not always fully convincing.
More direct measurements are obtained from radiation. The most promising
is Y-ray spectrometry, which can measure the amounts of radioactive nuclides
of X, U, and Th in planetary surfaces. There is a close correlation between

SD 70-24

the concentrations of these radioactive nuclides and the kinds of racks., This
correlation appears valid for the moon where early Soviet Y-ray measure-
ments with the Luna 10 orbiting vehicle indicated that the maria were basal-
tic. Even these early, crude measurements provided a significant conclusion.

-Improvements in techniques will be tested in lunar orbit and should be avail-

able for studies of other planets. In addition to y-ray spectra, x-ray and.
o-particle spectra should prove significant. Breakthroughs in IR, visible,
and ultraviolet (UV) reflectance spectra, as well as in measurements of
neutron albedo or neutron scattering, will be necessary for them to be -
useful, “Most important are measurements of the average composition of the
surfaces of Mercury and Mars: Fundamental questions must be answered,
Is Mars' surface like the moon, is it more acidic like the Earth, or is it
closer to chondritic composition? Is the surface of Mercury acidic? If not,
then volcanism is not as extensive as on Earth, which raises the question: -
how was the core formed? Present theories of the origin and evolution of .
planets are often supportable only because of their age and the lack of
competing hypotheses. Even crude data are needed to test them.

Atmospheres (Objectives 12 to 15, 21, and 28)

Atmospheric properties of interest can be divided into those related to
the global and nearly stationary state of the planet (chemical and isotopic
composition, global averages of pressure and temperature, radiation absorp-
tion and scattering, and the like), and those related to atmospheric kinematics
and dynamics such as circulation motions, precipitation, and local variations
in pressure and temperature.

The spectral energy distribution of thermal radiation from the planets
in the radio, microwave, and infrared ranges may give information on
temperature gradients below tlie visible cloud tops and help detect internal -
heat sources. Such heat sources are believed to account for the excessive
radiation temperatures of Jupiter and possibly Saturn over that which balances ..
the solar flux. Detailed thermal mapping will also help understand radiation
exchanges in the atmosphere below the cloud tops.

The requirements and interpretation of atmospheric spectral measure-
ments are discussed at greater length in Section 5. 2 and Appendix A.

Observations of stellar occultations can give information on exospheric
temperatures, escape rates, and (through the scale height variations) the
H/He ratio, Observations of radio occultations could give information on
molecular and electronic densities over a larger pressure range (S1 atm).
Airglow observations, i.e., of night-side emissions such as the 584-A
He resonance line, could also contribute pressure and density data and dis-
close precipitation of trapped electrons into the upper atmosphere.

- 34 -
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Detailed and integral scattering propertic¢s of the outer planets are not
well known because the phase angle never exceeds a few degrees; thus the
phase funciions and integrals cannot be observed and computed. It follows
that the spherical albedos arc unknown, except in unverified -model atmos -
phere calculations. This fact, and the incompleteness of the spectral
energy curve, combine to leave the radiometric albedo almost indeterminate
within wide limits (at least 50 percent uncertainty). In addition to multicolor
phase curves over a large range of phase angles, detailed observations of the
monochromatic limb-darkening laws along the equator and the meridian are
needed. The abundances of major constituents in the Jovian atmosphere
(H3, He, NHj3, and CHy) have begun to approach seli-consistent and repro-
ducible numbers (Reference 8). -However, the concentration of major
constituents of the other outer planets remains much less certain. To make
better estimates of the atmospheric structure below the clouds, the composi-
tion of the upper atmospheres must be measured more precisely. In addition
to Hp, He, NHj3, and CH4, important components of these atmospheres may
include HD, D3, and othér noble gases, as well as H20, H2S, and the like.

Several experiments projected for spacecraft show promise for such measure- .

ments, including absorption and emission spectra of radiation in the UV,
visible, IR, and microwave regimes. Because of their cosmological signifi-
cance, the ratios of H/D and H/He should be determined as accurately as
possible. ’

Along with spectroscop].c ‘measurements for major constituents,
attempts should be made to find trace components such as purines and pyrim-
idenes (for their relevance to biological materials), ethylene (believed to
be in the Saturnian atmosphere), and ammonium hydrates or hydrated
sulfides (in c‘lou'd‘s)'. ., Determination of the average global composition will -
be of great signifiéénce - However; obtaining distributions of major constit-
uents with latitude and 1ong1tude and in regions of different color or albedo
would prowde ‘more ‘information about planetary structure. Obtaining such
spectral ‘data would require much greater sophistication than the global aver-
age measurements alone. : :

In addition to electrically neutral species, information about concen-
tration distributions of ions such as HT and Het would be very useful in
constructing more ‘detailed models of the photochemistry of the mnospheres
(Reference: 9)

) Tempcratui:'e, Density, and Pressure Distributions. To develop better
models of the atmospheres of outer planets, it'is vital to obtain vertical dis-
tributions of dr‘ns:.ty, temperature, and pressure as far down into the atmos-
phere as purnible. “Three possible experiments can be used: (l) a stellar or
radxo occ uIl atlion investigation, (2) investigation of the absorption line shapes
of gases lik e NH3 and CHy by high resolution infrared or microwave spectros-
copy, and {) observation of f11tered radiation during limb darkening. The
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apparent temperature of the cloud level can be derived, of course, from
radiometric measurements at several frequencies (i.e., Reference 10).

It may be possible to map the horizontal thermal structure of the clouds

by radiometry, and it may be possible to penetrate deep into the atmosphere
by radiometry near 10 millimeters.

Closely as ‘sociated with the study of horizontal and vertical distribu-
tions of temperature and density is the analysis of thermal emission. Since
models based on simple reflection and Rayleigh scattering from a homo-
geneous atmosphere do not agree with observations, inhomogeneities from
scattering sources such as cloud layers must be accounted for (Reference 8).

It appears that radiation from Saturn and Jupiter can be explained only
by considering an unknown internal source of heat. Furthermore, Goody
(Reference 8) has given arguments suggesting that Jupiter cannot be in radia-
tive equilibrium, Motion in the atmosphere plays 2 modifying role, and may
indeed control the thermal structure near the cloud tops.

Many questions about the thermal structure of the outer planets’
atmospheres can be derived from straightforward astronomical observation
(Reference 10). For example, measurement of the bolometric thermal flux
will better fix the effective temperature of the planets. The observations
must be made in this case over the entire thermal spectrum, say, from
5 to 100 microns beyond the Earth's atmosphere.

Other fundamental quantities to be determined are the Bond albedo
and the phase function (Appendix B). The Bond albedo will provide a direct
indication of the solar input to the planet's radiative flux.

'Combined vﬁth observation of the bolometric thermal flux, the Bond ~
albedo will yield a direct estimate of any internal heat source. Determina-
tion of the phase function at many wavelengths will give data on'the

_Bcattering media responsible for diffuse reflection in the atmospheres. It

also will yield data to calculate the phase integral, an unknown part of the
Bond albedo. In addition to the cbservations over a broad wavelength range
and measurements of thermal flux at several wavelengths. such results can
be used to dntmgu:.lh between various models. By choosing intervals to
contain different opacities (Reference 10), the ratio of flux from the two
regions identifies models which best fit the observations. For example,

the radiative flux from Jupiter in the 17- to 33-micron region would
characterize the upper layers, while .the ﬂux measured in the 33- to
100-micron region would identify the lower layers. In combination, they
would present a strong observat:.onal constra;nt on the speculated atmosphere

‘structure.
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Obse rvatmn of l1rnb darkemn;, also w11] give mformatlon on various '’
layers of the atmosyher(\'

For’ cxamplc, some knowledpe ol sources of
1s” should be attained along w1th some-checks on
”opac1ty sources and- fhe 1mportance of Mie scattering.” By making limb-

darkening’ obs ervanons at wavelength intervals with different average opaci-
_tles, the atmosphere st’ructure can be~ studied to great depths. Comparison
of the equatorz.al and meridional limb-darkening: curves should provide further
knowledge about. 4Ke extent of latitudinal heat flow and the relative magm.tudes .
‘of mternal and solar sources _of heat. - Direct radiometric scanning of the -

disk at various wavelengths should yield meridional and longitudinal grad:.ents B
Such information will . .+ _ -

o in temperaturef at different depths in the atmospherel
. ‘reveal much ‘about the atmospheric dynarmcs 1:nc1ud1ng the nature of correc-

“tion and turbulence 1n the atmosph

Probmg t'he atmospheres of the ‘buter planets with 10 cm microwave
‘ radwmeters may reveal apparent heterogene1t1es in the deep layers of the
atmosphere ,Frorn combmed tradiometric and radar measurements, the
nature and depth of- &, sohd or:liquid interface in the planet may be 1dent|.f1-
_able. If the interface is liquid, "it may be possible to make a thermal map _
of the planet's sur_face by microwave radiometry. Unfortunately, the possi-
bility of penetratmg ‘deep” mto the Jovian atmosphere, evern with microwave’
devices, . appears remote because of the planet's nonthermal radio nolse

However, -more success.in such experxments may be achieved on m1ssmns ER

to- the other planets

. Knowledge of the motmn field is requu-ed on all scales at which: energy

conversion may occur..;When air flows down the'pressure ‘gradient, the _

kinetic" energy of the air increases. An alternmative formulation 1nvolves
warm air rising and cold air ‘sinking. In generaf it is very difficult to
measure the vertical motions, even in the Earth's atmosphere, and deduc-
tions from the honzontal motions seem to offer the best possiblity. The -
strongest clue to the motion fields is in the presence of a banded cloud
structure on Jupiter, Saturn, and Uranus; the resemblance is clearly to’
terrestrial Hadley cells rather than to the perturbed wave circulations of
terrestrial rmddle lat1tudes e . S

From extensive res earch on the large-scale dy'nam.lcs of the Earth's
atmosphere, basic ideas have developed which can be applied to’ the behavior’
of other planetary atmospheres.' For rapidly rotating planets that are
thermally stratified, theory suggests that the wind structure should b'e
bounded into zonal flow patterns. ' If instabilities develop by barotropic or
baroclinic disturbance, one can expect planetary waves to form with possible
cyclone formation. The observation of cloud patterns on Jupiter gene.rally
bear out the lheoretual pred1ct10ns (References 11, 12, and 13). While
banded structure has also been observed on Saturn, it is. uncertam on Neptune
and Uranun becau_se of their great distances from Earth.

.37 - ‘
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There are major potential differences in the general circulation of the
outer planets' atmospheres compared with Earth. The question of internal
heating on Jupiter and Saturn is important from the standpoint of the hydro- .
static stability of the atmospheres. If there are no liquid or solid phases (at

-least strong density discontinuities) on these planets, strong thermal or

orographic disturbances may not be possible, giving rise to more prevalent

- banded structure than on Earth despite the atmospheres pos sibly being in an

unstable Rossby wave regime. Uranis may be unique in its circulation
because it rotates (during the 1975 to 1995 time period) with a pole toward
the Sun rather than with equator to Sun. The solar heating, through much
weaker at Uranus' distance; may drive a peculxar atmosphenc motion on
this planet.

Particles and Fields (Objectives 16 to 18)‘

Observat1ons of charged particles and electric and magnetic fields are-
generally outside the scope of this study. An exception is inference of
interior differentiation and motions from the external magneticfield; this
is discussed under interior observations.

" 5,1.2 Technology Observation Objectives

- The technology observation objectives are closely interrelated with the

‘science observation objectives, and in many cases are indistinguishable.

These objectives should include the expected range of the observable environ--
ments, the vehicle, and interfering phenomena such as solar noise emission’
and planetary and/or atmospheric data as'discussed under science observa-
tion objectives. The objectives should define the times and places at which
the observable should be carfied out (that is, the times and planetary regions
in which the measurable phenomena exist) rather than where the sensor is
located. It is also necessary to specify the spacecraft trajectory require-
ments, and understand how related measurements on a given mission rein-
force the observation in question. If the observation conditions are adequately
defined, appropriate sensor systems and supporting subsystems can be
selected to carry out the experiments.

Using a top-dowh approach, each objective leads to a series of
investigations and each in turn leads to a series of sensor systems. A given
instrument (sensor) may relate to several different investigations. Sometimes
a given investigation may relate to more than one objective. For example,
establishing the atmospheric circulation ts & definable engineering objective.
Two observables, cloud motion and chemical composition, can be combined
to formulate a descriptive model of this phenomenon. Instrumentation
(sensors) that contribute to knowledge of cloud motion are camera imaging
systems (IR and visible), bistatic radar, and telescopes. Sensors that define
atmospheric circulation are spectrometers (IR and visible), RF occultation,
and Lidar,

- 38 -
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Tl L Ee ’Ihe knowledge requlrements that” muat be fulfilled by engineering ° s
T re.xperzlméntu are largely established by the data ‘requirements and the conduct L

- of the flyby and orbital missions, The design of guidance and navigation

_systems for_ such missions requires knowledge of such planetary character-
istics as:the’ ﬁgure (that s, the diarmeter as a function of direction from the
g _enter) and thegravxtatwnal field dxstnbutmn. The present uncertainty -
ronments, partlcularly around Jupiter, implies
ty in radxatlon shleldmg and matenal protectmn .

Thus, “an isolated or single value for molecular weight/scale height
- ‘and pressure, together with one or more theoretical or experi- ’
mental temperature values, may be utilized to construct an
‘.. exponential, first-approximation model atmosphere.

2. Category 2. Improved model atmospheres; either exponential or
- hydrostatic equilibrium models, which demonstrate the probable
range of atmospheric properties may be constructed if data are
collected from different geographical and/or seasonal locations.

3, Category 3. The ultimate engineering model atmospheres may
. be constructed in the form of hydrodynamically consistent models
_for geographical locations, each having different season versions,
and upper atmosphere portions projected for future time periods
via a prediction of solar activity (Reference 14). Extensive
observation over long time periods, altitude ranges, and geo-
: graplncal locatmns are required. SO

" State of the Art. .Earth model atmospheres are the only ones which
‘currently apply to Category 3. Category 2 model atmospheres have been
proposed for Mercury, Venus, and Mars.. -For the outer planets, Category 1
‘model atmospheres are nonexistent except for preliminary Category 2 models .
for J'uplter (Reference 15) and these’ a.pply above the- cloud la.yers onlys
Experunental Data for Model Atmcﬂhere Constructxon. Keally, the
engmeermg model a.tmosphere would be conatructed from the following
. observed data

: Temperature proﬁle

2, Molecular welght proﬁle

-unless the experiment 1tse1f depends on the. ey
ndxtmns-dunng entry, landmg, stay, and launch/

her ha; d dn‘ectly a.ffect the spa.ce vehxcle des1gn. ! K 3, Pressure (or dens;ty) at a given a1t1tude, preferably ‘the surface.

Ergineeri Such data are most easily collected by an entry probe descendmg to the
. hydrodynamxcally cons1stent i oflle:go;ntc;irelpea:zs:zhe;re:s:i:-znydesrl::::y and surfa.ce.‘t Howe;r e:g adn Y remo:e sensor data, even point ﬁtail ab;:t the -
) then' en . y ? 4 - composition and abundances, temperature, pressure,.scale height, or

Bl eermg denvat - : - -.density would be useful in the absence of profile data. Such data, for varying-
RS seasons, for day and night, and for geographical locations would be of even’
L -1~ greater va.lue. For engineering model atmosphere construction, it is most
TR important to acquire data on the constituents believed to be preésent in major.
proportions since minor constituents contribute little to the molecular wa;ght,
adiabatic lapse rate, densities, and the like, "Data regarding Hz, He, and
CHy are requi.red for the outer planets in particular.

A £1rst approx1mat10n may be achxeved by the
umthcrmal/ex onentlal tnodel’ atmosphere which requires the = - i
i ) atc of mean isothermal temperature, - |
mean mo]ecular we1ght or the average scale ’ %
!

]

1

1
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Wmd Data, Another atmospheric parameter of engineering design
lmpnrtnnue is wind spéed. For both descent/boost and for occupation
stations, the wind speed, in proﬁle and at the surface, is an important
design factor from the standpoints of reliability and mission success.

Wind speed data may be measured or may be theoretical in nature..
Because the descending probe is undoubtedly the most important wind profile
measuring system, the collection of such data from remote sensors is not
suggested. On the other hand, the wind speed at a visible surface may be
deduced from remotely. sensed cloud movements. Such information, when
combined with other data, may lead to general circulation theories from
which wind speed ‘profiles may be deduced,

Condensates/Particulates. Although not a part of the model atmosphere,
knowledge of the particulates (such as dust) and condensates (clouds, precipi-
tation types, amounts, and intensities) would be useful in such engineering
applications as structural damage potential in high- speed flight through dust
and/or preciptation, and the effects of dust and/or precipitation on electronic
systems of landers and long-life occupation systems. Knowledge of these
atmospheric properties is less important than knowledge of the model
atmosphere parameters.

Ionoépheric Structure. Because the electron profile of the upper
atmosphere may influence communijcations between landers, orbiters, and
Earth, the collection of electron density data from the ionosphere of the

.outer planets is warranted.

Surfaces {Objectives 9 to 11, 19)

For definition of surface environments, data on the following param-
eters are required:

1. Surface light and reflectivity

2. Surface tempérafure and thermal conductivity
3. Surface load bearing strength

4. Surface features (foughness)

5. Surface el_ectromagnetic properties

6. Surface composition ‘

7. Meteoroid flux, mass, and velocity
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8. Figure of planet
9. Tectonic activity
10, Particulate radiationa

The resultant data wi.ll define the surfa.ce effects on the vehicles and
measurement subsystem as follows (Objective 25):

—

. Thermal control
2. Surface mobility capabilities
3, Surface navigation and comﬁm}:nica.tion capa‘bilities
4. Vehicie/ surface cqmpatibilitir
5. Particulate radiation effects
6. Meteoroid mass and penetration
7. Descent and landing capability
8. Surface laﬁnch capabilities
9. Surface optical experiments
Interplanetary Medium (Objectives 16 to 22)

For definition of interplanetary environments, data on the following
parameters are required:

1. Meteoroids and cosmic dust
2. Solaf radiation

3. Magnetic fields

4. Planetary radio emissions

The resultant data will define the interplanetary medium effects on the
vehicle and measurement subsystems on an extended mission as follows:
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1. Communications (optimuin frequencies)
2. Degradation of materiais »
3, Electronic systems and operations

4. rMeteoroid puncture

5. Stabilization and control

6. Spacecraft space charges

There is a recognized third group of measurements other than the
scientific and technology types previously discussed. These are called
housekeeping measurements (operational and flight qualification), which
are in situ measurements located throughout the vehicle and sensor sub- ‘
systems. This category is outside the scope of this study, but will furnish
significant data to satisfy observation objectives. For example, triaxial
accelerometers, mounted in the vehicle, will identify permutations of the
vehicle during an orbit. These data can be used to compute the figure of
the planet or determine whether there are any localized mass concentrations.

I Operational measurements are defined as those which remain relatively
stable for similar types of mission, and are utilized for in-flight management
of the vehicle, mission evaluation, and measurement system.performance
and inflight checkout of the spacecraft. Flight qualification measurements
are defined as those which will vary from flight to flight and define the
development state of the vehicle and measurement subsystems. These '
measurements, along with the engineering and scientific measurements, will
provide all the env:.ronmental data necessary for a planetary flyby or orbital
mxssxon. o L ® . -

Preﬂight sensor instrumentation development requirements will be
examined in Phase 2 of this study.  Support equipment development is beyond
the scope of the study, but the support requirements will reveal inadequacies
of support technology. - ‘

5.1.3 Supporting Research

Planetary astronomy from Earth "orbit.and from surface observatories,’
as well as laboratory experiments and theoretical calculations, are indis-
pensable supplements of | Observations at the planets and in interplanetary
space. Altlmugh these programs are not proper parts of an analysis of
remote seuuur req\urements, they merit attention because they establish
minimum space observatmn requirements {a planetary mission must exceed

- 43 < B
: SD 70-24 -

‘ Space Division -
North Amencan Rockwell

Earth-based observation capabilities) and also help scientists understand -
sensor data. Examples of such supporting research requirements are:

1. Laboratory measurement of colligion-induced far infrared spectra
of COp, CHy, and NH3, and mixtures of polar and nonpolar gases
found in planstary atmospheres (Reference 22).

2. Calculation of line shapes related to requirement 1 above.

3. Calculation and measurement of the equation of state of hydrogen
at pressures up to 3 x 10/ atmospheres, which may exxst at the
center of Jupiter.

4, Synoptic measurements from Earth orbit of infrared and ultra-
violet spectra of planetary atmospheres... -

5, Development of Earth-based transmitters capable of illuminating
outer planets for bistatic radar experiments using receivers on
planetary orbiter spacecraft (Reference 4).

5.2 OBSERVABLE PROPERTIES

The properties that can be remotely sensed in principle to accomplish
the observation objectives just defined are now considered. At this point
the distinction between scientific and engineering data is abandoned. How-
ever, Append:.x C presents any quantitative differences in the desired obser-

- vations according to their mot;vatmg goals.

The observables considered in thig study are listed in Table 8. Many
of these are outslde the scope of the study, but are included to provide a list
suitable for all classes of planetary observatzon. Table 9 mdxca.tes by a

_mark (x) the relevant associations of observable properties and observation

objectives. The warth values wj of each observable (i.e., of observing the
property with attainment of the tiesu-ed values of all observation parameters)
are given in Table C_6. The scale of w; is 0 to 1, and values of wJ<0 1

are considered to represent irrelevant observations.

In the example of the top-down approach, one of several means of deter-
mining atmospheric density versus altitude is to measure the retardation
time (phage shift) and attenuation of an electromagnetxc signal passing through
the atmosphere. If this meapurement is made euenti&lly nzmulta.neou.sly at
two frequencies, the densities of ions and ‘neutral atoml or molecules can be
determined separately.

D:.scusnom of specific observables and observation requirements

follow. More detailed treatments of most requirements are given in the
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S T i e o IR T “..* Table 8. Observable Properties (Cont)

" Description . -"- ;
No. (§) | - . : : Description
e .. 29 Electric field and currents in atmosphere*
,Lf R 30 . Surface mechanical propertie's (direct)*

31 Gravitometric data - _ ‘

32 Electromagnetié signal time and 1;ay deflection

33 Wind velocity and direction (direct)* *

g ) 34 | Dust storm mtens1ty and movement (direct)*

35 _ | Radio-frequency permittivity, re51st1v1ty, suscept1b111ty
: - 36 Optical permittivity, resistivity, susceptibility

< . B ] -37 " .| Acceleration and deceleration of vehicle*
7 Mmera.lograplnc, petrograplnc, crystallographxc assay (direct)* | . . ‘ : 38 Distance, altitude of spacecraft from topogra.pluc features, etc.
Gamma ray flux and SPe‘:trmn ' RSN ”-:-‘-_' SRS RN 39 Electromagnetic phase shift ‘
40 Polarization (amount, type, rotation, etc.)

- 41 Stellar occultation (photometric)

n - : 42 X-ray absorp'tion and emission
. - 43 X-ray spectrum induced by solar electrons
rared_ rad:.atxo ﬂux, emis sw1ty, absorpt1v1ty - 44 Fast/slow albedo neutron flux ratio

ln.frared spectrum - T »',‘:“",-'—-.
; *Outside scope of study (in situ observation or nonplanetary

= 19;;-" V151b1e/ultrav101et radlatlon flu.x, emissivity, absorpt1v1ty observation)
) 20 V1s1b1e/ultra;rlolet spectrum
el Radio flux and spectrum - consultants’ reports (Appendix B). and quantitative requirements information
22 | Biological assay and activity* is presented in Appendix C.
- 23 .| Surface temperature (direct) ’ 9 5.2.1 Imagery (Observables 1,2)*

24 Laser beam reflectivity/absorptivity of atmosphere '
. Optical systems of different apertures and focal lengths, associated

with Vidicon-type image sensors, are available to provide direct imagery

on a much greater scale and resolution than provided by present ground-based
telescopes or envisaged for near-Earth orbital observatories of the next

20 years, For example, practical resolution of one second of arc is seldom
exceeded on Earth-bound telescopic'photographs of the outer planets which,

25 Atmospheric temperature (direct)*
26 Atmospheric pressure (direct)*

27" | Radio reflectivity/transmissivity of atmosphere

28 Entry prbbe trajerctory parameters

*Qutside scope of study {in situ observation or nonplanetary observation) ' *saturn, Uranus, and Neptune only.
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Table 9.

Association of Observable Properties

With Observation Objectives

Ohseryaniv Propercty
x t oz 2
. = £ T . oz z = z =
< toz £ : P H E F E
<« R I H A 2 = = t > £ z H . :
. I | e - T o RN L 3 T = 2 -~ 3 o E
i P - £ = == R ER - 8Tz . 27 oz x
PR S T B - B 2 c Tzl r >z e i >z I e TLE 3 z
-2 : - T AN R T - T A B PP - S A 4 CR
PP - £ iz ia gzl irrrritoaleinTEE Ol z i
S .z z L £z < T T T omox ¢ 2 2V : % 2 o= =% * T EF = = 5 2 I = % T .2 X
E 2 _ = z =z L7 e v 5 4 2 o 2 2 e £ L vz =z« x| 3 F o z T = I -3 O x-¢ T
- 2829 > ==z 3023 & 3 o2z xoe el gtz F oy 3 = % ¥ 3k &
S E 3P o: . %z 2= o a4 8 = = < <t = v O 235 £z 5 )53 oz S0k P 2w s
R R I (A I - B R oyt 2
2 4= 2 ¢ 232 ¢l L8 L Lo« os = S 2 v 2 2 T ¥ 2 2| T T o= = L .2 T ~ 3-3.%.
zszficifs s f gl I:fEZFZEECliiZii3ozofZf ERRE
§2ageedrssls2s5ass5czc¢ 3 7 23 zazi|lfaszdic s Foxrx <
Observation Obiective 1 2 3 4 5 6 7 8 1 10 1T 12 13 14 15 16 7 18 19 20 | 21 22 23 24 25 24 27 2% 2% 30 3132 33 34 33 3A 03T ik !Qj
L. 1. 1
No Short Title I INNDNMNNNY NN N N XN N ¥ N X N ¥FFXY XX XN YN NN
1 Figure. rotation X0 X X N
2 Interior composition (o} [o]
L] {nterior temperature o (o]
3 Interior energy flow (o] o] o x hY
] f 3 Geologic structure
e 6 Interior physical properties X X X
~ 7 | Surface composition o x o o o0 o
' 8 Biological activity . : .
9 Surface temperature X X X
10 Topography and tectonics X
11 Surface physical properties X .
12 Atmosphere composition X X X x X o X
13 Atmosphere temperatare . X X X x x o X .0 [o]
. 14 ] Atmosphere circulation X i i X X : X X
8 15 | Clouds, precipitation - X S o x
16 Electric. magnetic fields X X X N
=3 17 | Particle radiation * x
o 18 | Nonthermal EM emission N E x| x .
§ 19 { Gravity fields : -
Nd 20 | Relativistic effects
> -
' 21 | Optical. RF reQlectivic - X o 0. X o o
. 22 | Occuhtations . - : x I : -
23 Meteoroid environmeats . : - X .
24 Saturn ring properties X (o] 0o O o X
25 | Vehicle performance ) ;
26 G